Single crystals of Sc 2 (T O 4 ) 3 with T = Mo and W were synthesized from Sc 2 O 3 , MoO 3 , and WO 3 at 1223 K in NaCl / KCl as solvent. Both structures were refined from X-ray diffractometer data: Pbcn, a = 1325.1(1), b = 954.9(1), c = 964.4(1) pm, wR2 = 0.0425, 2097 F 2 , 79 variables for Sc 2 (MoO 4 ) 3 and a = 1332.9(9), b = 959.4(7), c = 967.9(2) pm, wR2 = 0.0384, 1971 F 2 , 79 variables for Sc 2 (WO 4 ) 3 . The structures consist of a three-dimensional network of corner-sharing ScO 6/2 octahedra and two crystallographically independent T O 4/2 tetrahedra. 45 Sc MAS NMR spectra show sharp single resonances in accordance with the crystallographic data. The quadrupolar interaction parameters obtained from a simulation of the full 45 Sc MAS NMR spectra are found to be in good agreement with those obtained from DFT calculations of the electric field gradient.
Introduction
The complex oxides Sc 2 (MoO 4 ) 3 and Sc 2 (WO 4 ) 3 have been studied intensely for their negative thermal expansion properties and with respect to potential application as trivalent ion-conducting solid electrolytes [1 -5] . So far more than 200 entries occur in the current SciFinder Scholar version. Single crystals of Sc 2 (MoO 4 ) 3 [6] . These fluxes are expensive and require high temperatures. Herein we present a simple growth of high-quality crystals via an NaCl / KCl flux for structure refinement and 45 Sc NMR spectroscopy.
The 45 Sc isotope has 100 % natural abundance. It has an I = 7/2 nuclear spin, a gyromagnetic ratio of 6.50880 × 10 7 rad T −1 s −1 , and a moderately large nuclear electric quadrupole moment Q = 0.22 × 10 −28 m 2 . Although these characteristics are excellent prerequisites for solid state NMR experiments, only few NMR spectroscopic reports can be found 0932-0776 / 10 / 0100-0013 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com in the literature, and little is known about the correlation of the 45 Sc NMR parameters with local structural data. Apart from an early work on intermetallic phases [7] , which has been recently extended by us to other, more complex scandium-containing intermetallic systems [8 -11] , several laboratories (including our own) have been examining oxidic systems [12 -24] , contributing to the establishment of a comprehensive data base of 45 Sc NMR interaction parameters in inorganic materials. While the experiments of the present study were conducted, a publication by Kim and Stebbins appeared reporting 45 Sc chemical shift data on these materials and their solid solutions [24] , however, their study did not address the nuclear electric quadrupolar interactions of the scandium nuclei. In the present study, we present a more complete analysis of the NMR spectra, including both the experimental determination and the quantum mechanical calculation of the nuclear electric quadrupolar coupling constants C Q and the asymmetry parameters η Q , characterizing the size and symmetry of the electric field gradients present at the 45 Sc nuclei in these materials. 3 were thoroughly mixed and ground in an agate mortar under ethanol and acetone in order to obtain homogeneous starting mixtures. Then, small amounts (0.2 g) of these dried fine mixtures were mixed with a dried equimolar mixture of NaCl / KCl (0.8 g). These reaction mixtures were sealed in evacuated silica tubes and slowly heated to 1223 K within 3 h and soaked for 24 h in a muffle furnace (Carbolite RHF 1500). Subsequently the samples were slowly cooled to 773 K at a rate of 8 K h −1 and then cooled to room temperature at a rate of 100 K h −1 . The products consisted of small, well-shaped crystals. They were isolated from the reaction mixtures through extraction of the flux with hot demineralized water.
Experimental Section

EDX data
Semiquantitative EDX analyses of the crystals investigated on the diffractometer were carried out with a Leica 420i scanning electron microscope with Sc, Mo, and W as standards. The experimentally observed metal ratios were close to the ideal values of 2 : 3. The oxygen content of the samples could not be determined reliably (detection limit of the instrument). No impurity elements heavier than sodium were found.
X-Ray diffraction
The flux-grown samples were characterized through Guinier patterns (imaging plate detector, Fujifilm BAS-1800) with CuK α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The orthorhombic lattice parameters (Table 1) were obtained from least-squares refinements. The correct indexing was ensured through intensity calculations [25] .
Well-shaped single crystals of Sc 2 (MoO 4 ) 3 and Sc 2 (WO 4 ) 3 were selected from the samples and tested by Laue photographs on a Buerger camera using white Mo radiation. Intensity data were collected on a Stoe IPDS II diffractometer (graphite-monochromatized MoK α radiation; oscillation mode). Numerical absorption corrections were applied to the data sets. All relevant details concerning the data collections and evaluations are listed in Table 1 .
Structure refinements
The systematic extinctions observed for both data sets were compatible with space group Pbcn, in agreement with previous investigations [3 -5] . The atomic parameters from Efremov et al. [4] were taken as starting values, and the two structures were refined using SHELXL-97 [26] (full-matrix least-squares on F 2 ) with anisotropic atomic displacement parameters for all atoms. The final difference Fourier syntheses were flat ( Table 1 ). The refined positions and interatomic distances are listed in Tables 2 and 3 . Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-informationsdienste.de/en/DB/icsd/depot anforde rung.html) on quoting the deposition numbers CSD-391467 (Sc 2 (MoO 4 ) 3 ) and CSD-391468 (Sc 2 (WO 4 ) 3 ).
Solid-state NMR
45 Sc magic-angle spinning (MAS) NMR spectra were recorded at ambient temperature at the resonance frequency of 121.5 MHz on a Bruker DSX-500 spectrometer, using a 2.5 mm MAS NMR probe operated at a rotation frequency of 20 kHz. Typical acquisition parameters were a 0.3 µs (22 • 
Results and Discussion
Crystal chemistry
Our present study has shown that the growth of small, high-quality single crystals of Sc 2 (MoO 4 ) 3 and Sc 2 (WO 4 ) 3 is also possible via a simple eutectic NaCl / KCl halide flux at moderate temperature. The present structure refinements fully confirm the previous data [3 -5] , but with slightly higher precision and well-behaved anisotropic displacement parameters, especially for the weakly scattering oxygen sites. We have refined both structures with the standard setting, space group Pbcn, similar to the work of Efremov et al. [4] .
As emphasized in Fig. 1 , the Sc 2 (T O 4 ) 3 structures consist of a three-dimensional network of cornersharing ScO 6/2 octahedra and two crystallographically independent T O 4/2 tetrahedra. The polyhedral connectivity patterns of the three metal sites are presented at the top of Fig. 1 . For a more detailed crystal chemical desciption we refer to the original work [1 -5] .
The symmetry perfection of the scandium coordination is important for the 45 [24] . The unstructured, narrow resonances (having full widths at half maximum of 300 Hz (Mo) and 400 Hz (W)) indicate second order quadrupolar perturbation effects on the central transition to be negligible at 11.7 T. However, first order quadrupolar perturbations are clearly manifested by the presence of spinning sideband manifolds arising due to the effect of MAS upon the anisotropically broadened satellite Zeeman transitions. While the overall spectral region over which these sideband patterns are observed serves to estimate the magnitude of the quadrupolar coupling constant C Q , the intensity distribution of the sidebands relative to each other contains information about the asymmetry parameter η Q .
For a quantitative determination of these parameters, the spinning sideband patterns were simulated (Fig. 2, bottom) with the SIMPSON program package [27] . The best match (judged visually) between the experimental and the calculated sideband patterns was observed for the following quadrupolar coupling parameters: C Q = 2.4 MHz, η Q = 0.3 for Sc 2 (WO 4 ) 3 and C Q = 2.1 MHz, η Q = 0.6 for Sc 2 (MoO 4 ) 3 . For comparison, DFT calculations, which were conducted with the WIEN2K program package [28] using the procedure and parameters described in ref. [8] , yielded the following quadrupolar coupling parameters: C Q = 2.4 MHz, η Q = 0.4 for Sc 2 (WO 4 ) 3 and C Q = 2.1 MHz, η Q = 0.8 for Sc 2 (MoO 4 ) 3 .
Systematic simulations conducted over the full range of η Q values (0 ≤ η Q ≤ 1) (data not shown) indicate that the η Q values can be estimated from the experimental intensity profiles within a precision of ±0.1. Considering this error limit, the agreement between the experimental and theoretically calculated quadrupolar coupling parameters is excellent, providing validation to our crystal structure solution. The small experimental C Q values can be well understood on the basis of the high (nearly octahedral) local symmetry of the scandium atoms. The present study illustrates that for such highly symmetric Sc compounds with relatively small C Q values an analysis of first order spinning sideband manifolds is the method of choice for the experimental determi-nation of the nuclear electric quadrupolar coupling parameters.
